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ABBREVIATIONS ACRONYM FULL SPELLING 

HSSTHP High Speed Serial Transceiver High Performance 
PCS Physical Code Sublayer 

PMA Physical Media Attachment 

CTC Clock Tolerance Compensation 

PRBS Pseudo-Random Binary sequence 

APB Advanced Peripheral bus 

CDR Clock Data Recovery 
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1. Overview 


1. OVERVIEW 


1.1 Introduction 


This is the PG2T390H 10GBase-R interface product and application document of Shenzhen Ziguang 
Tongchuang Electronics Co., Ltd. This document mainly introduces the function list, design architecture, 
interface definition, interface timing, supporting devices and reference design of 10GBase-R. 


10GBase-R provides an interface for the 10G Ethernet MAC on the upper layer and the 10G capable 
PHY on the bottom layer, and supports user high-speed Ethernet system applications. 


1.2 The main function 


The main functions supported by 10GBase-R are as follows: 
> Design complies with IEEE802.3-2012 clause49 standard 
> Support XGMII Style user interface 
> Support APB management interface 
> Support multiple loopback test modes 


1.3 Design information 


Table 1 10GBase-R Design Information 
10GBASE- R 


Support device PG2T390H series FPGA products 


Support user interface |64bit XGMII interface 


DESIGN FILES PROVIDED 


10GBase-R Design Files |encrypted file 


10GBase-R Reference |Verilog file 
Design 
10GBase-R simulation file | Verilog file 


Constraints file fdc file 


DEVELOPMENT TOOL SUPPORT 


Design Tools PDS development kit supports Pango Design Suite 
2021.1-SP2.1 and above 


Simulation tool Modelsim 


1.4 Resource usage 


Table 2 Resource usage 
DEVICE LUTs FF DRM | HSSTHP USCM 


PG2T390H 1379 2083 2 1 1 
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2. Functional description 


2. FUNCTIONAL DESCRIPTION 


The typical application of 10GBase-R is shown in the figure below. One end is connected to the 10G 
Ethernet MAC through the XGMII interface, and the other end is connected to the optical fiber module 
through the serial interface to jointly form the user's high-speed Ethernet system. 


FPGA 
Po 10GBase-R 
user logic PI | a0GBaseR | | HSSTHP 10GBase-R PHY 
(10G MAC) | dd core core A, 
O XGMII serial interface 


Figure 1 10GBase-R typical application 


2.1 10GBase-R design architecture 


10GBase-R core 


PCS RX 
o | Block | 
xgmii_rx — CTC 1 Decode Kj Decramble K den toa 
| HSSTHP 
PCS TX | core 
ia /64 
xgmii 1x Encode — Scramble ——> Gearbox LES 


Figure 2 10GBase-R functional block diagram 


The 10GBase-R design consists of two parts: 10GBase-R core and HSSTHP core. The 10GBase-R core 
part includes two structures: PCS TX and PCS RX. 


PCS TX 


Encode module: realize protocol encoding of XGMII data, and 64B66B encoding conversion of data 
information and control information. 


Scramble module: scramble the input data. 


Gearbox module: Complete the conversion of the clock domain and transmit 64-bit data to the input 
user interface of HSSTHP. 
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PCS RX 


2. Functional description 


Block sync module: detect the frame synchronization head of the user interface data output from 
HSSTHP, and determine the synchronization information of 64-bit data. 


Decramble module: descrambles the input data. 


Decode module: perform 64B66B decoding on the received data to recover valid data information 
and control information. 


CTC module: performs data buffer processing and completes the conversion of the clock domain, and 
outputs the final XGMII user data. 


2.2 Clock Design Architecture 


10GBase-R core 


HSSTHP core 
txclk 
DP pcsTx |4 BUFX (€ 
| ChannelO TX 
userclk <—— 
sal i ChannelO RX 
ar a| PCS RX e Bir e 


l APB refcikp 
free clk — ~ ->| apb union | || Bridge common refcikn 


L 


BUFG « 


Figure 3 Clock Architecture Block Diagram 


The HSSTHP reference clock is refclkp/n, and the internal reference clock is provided for each channel 
through the HPLL of the internal common module. The P TCLK2FABRIC X and P RCLK2FABRIC X output 
by the channel can be driven by the horizontal clock CLKBUFX to provide the system clock for the PCS TX 
and PCS RX modules of 10GBase-R core . free clk is the configuration clock for register operation, and the 
frequency range is 10~100MHz. The HSSTHP reference clock provides a synchronous clock and a user- 
side system clock for the 10GBase-R core at the same time. 
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2.3 Interface list 


2. Functional description 


Table 3 10GBase-R interface list 


SIGNAL NAME INPUT / BIT DESCRIPTION 
OUTPUT | WIDTH 
GLOBAL SIGNAL 
i free clk input 1 External clock input, frequency range 50MHz 
ext rst n input 1 System reset interface, low level reset 
HSSTHP TERMINAL SIGNAL 
i p refckn O input 1 HSSTHP differential reference clock negative terminal, 
156.25 MHz 
ip refckp O input 1 HSSTHP differential reference clock positive terminal, 
156.25 MHz 
i p lOrxn input 1 HSSTHP differential data input negative terminal 
i p IOrxp input 1 HSSTHP differential data input positive terminal 
o p IOtxn output 1 HSSTHP differential data output negative terminal 
o p IOtxp output 1 HSSTHP differential data output positive terminal 
USER SIGNAL 
xgmii txd input 64 64 -bit data transmission 
xgmii txc input 8 8 -bit control signal transmission 
xgmii rxd output 64 64 -bit data reception 
xgmii rxc output 8 8 -bit control signal reception 
usclk output 1 User system clock, 156.25MHz 
CONFIGURATION SIGNAL 
apb paddr input 19 Configure address bus 
apb psel input 1 configuration selection signal 
apb penable input 1 Configuration Access Enable 
apb pwrite input 1 Configure read and write selection signals, high level 
write low level read 
apb pwdata input 32 Configure write data 
apb pready output 1 Configure read and write ready output 
apb prdata output 32 Configure read data 
STATUS SIGNAL 
txlane done output 1 TX side reset completion indication, active high 
rxlane done output 1 RX side reset completion indication, active high 
syn align output 1 Receiver genlock flag, active high 
o p rx sigdet sta O | output 1 HSSTHP signal detect , active high 
o p Ix cdr align O output 1 HSSTHP CDR lock flag, active high 


2.4 Interface timing 


10GBase-R adopts a 64-bit user data interface, and the mapping relationship with the 32-bit XGMII 
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specified in the protocol IEEE 802.3-2012 is shown in the figure below. Here are two mapping situations 
of Aand B. 


2. Functional description 


IEEE802.3-2012 
first 32bit XGMII 


A: XGMII is mapped to the user data interface, B: XGMII is mapped to the user data 
where S is located on LaneO interface, where S is located in Lane 


Figure 4 User Data Interface Mapping Diagram 


Description: 
S: Start, indicating the start code. 


Dp : Data Preamble, indicating a data whose content is in the form of a preamble. 
Ds: SFD. 


D : Data, representing a piece of data. 
T : Terminate , indicating the end code. 
I : Idle, indicating the Idle code. 


The encoding rules from XGMII interface to PCS interface in BaseR core are shown in the table below. 
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2. Functional description 


Table 4 XGMII character to PCS Code-Groups Mapping 


XGMII TXC XGMII TXD sd DESCRIPTION 
8-BIT VALUE 
0 Ox00 through OxFF OxXX Send data normally 
OxBC/ 
1 0x07 Ox1C/ Idle code in the Idle sequence 
Ox7C 

1 0x07 OxBC Idle code in Terminate 

1 OxFB OxFB Start, start code 

1 OxFD OxFD Terminate, end code 

1 OxFE OxFE Error, error code 

1 Ox9C Ox9C Sequence 

Table 5 PCS Code-Groups to XGMII character mapping 
XGMII RXC XGMII RXD do neues DESCRIPTION 
8-BIT VALUE 

0 Ox00 through OxFF OxXX Send data normally 
1 0x07 OxBC /K/(Sync) for Word Alignment 
1 0x07 Ox7C /A/(Align) for Channel Bonding 
1 0x07 Ox1C /R/(Skip) for CTC 
1 OxFB OxFB Start, start code 
1 OxFD OxFD Terminate, end code 
1 OxFE OxFE Error, error code 
1 Ox9C Ox9C Sequence 


2.5.1 The timing of user sending data 


Figure 5 and Figure 6 are timing diagrams for normal data transmission. It can be seen from the figure 
that /S/ must be located on channel O or channel 4, and /T/ can be located on any channel, and the 
subsequent channels are filled with XGMII Idle. Please refer to IEEE 802.3-2012 Specification (section 


46.3.1) for details. 
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2. Functional description 


miwok | ) 

xgmii_txo OxFF X 0x01 Y 0x00 XY XY 0x00 X OxF8 X OxFF 
xgmii_txd<7:0> |X CO pk O A XDXDX I 
xgmii_txd<15:8> Be. Sm eo A SE GE GE 
xgmii txd<23:16> a AO EL DERA 
A me ¥ DY bp A Xp XY TY 1 
xgmil_bd<39:32> [ ¥ DX DX D XY X pX T 
xgmii_txd<47:40> |X tp Yn (On xs Yb YX X 


xgmii_txd<55:48> [Le By DB A X D X X 


xgmii txd<63:56> LX Ds XD XD Xy XY D X X 1 


Figure 5 An example of the user's normal sending data timing ( S is located in LaneO ) 


emma PT a LT 
xgmil txc OXFF I OxlF / 0x00 (jo) 0x00 É 0x8 X OXFF 

xgmii txd<7:0> | X | X Dp x D X N X D y D 

xgmii txd<15:8> I Y X Dp X D X N x D X D X 
xgmii_txd<23:16> iX X Dp X DAY X D X DXI 
xgmii_txd<31:24> | A | Y Ds X D Y N X D y T Å | 

xgmii txd<39:32> | å S y D X D y N X D X | A 

xgmii txd<47:40> | X Dp X D } D \ D Y | | 

xgmii txd<55:48> I X De. O O | N Ab X 1 KN 

xgmii txd<63:56> Iı X D X D X pD X N XY D Nå Xi 


Figure 6 Example of the timing of the user sending data normally ( S is located in Lane4 ) 


When sending an error, the sequence is shown in Figure 7. Error code E can be located on any Lane. 
In the example, E is located on Lanel. 
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2. Functional description 


xgmii_tx_cik | | | \ | | 
xgmii_txc OxFF Y 0x01 Y 0x00 X- X 0x02 X oxF8X 0xFF 
xgmii_txd<7:0> | S D DOI D D | 
xgmil_bxd<15:8> [ X Dp O D X\ XEXDY I 
xami txa<23:16> REELEGER 
xgmi tede31:24> Errar 
xgmii bxd<39:32> [XD (pp XY Yo YX X 
xmi saara T X Dp X D X D X\ X DX 1X4 
xgmi_txd<55:48> | X Dp X DX D X\ XD X KI 
xgmii_txd<63:56> I Ge ae ee XY X 


Figure 7 Timing example of user sending error code 


Description: 


E : Error, indicating the error code. 


2.5.2 Timing diagram of user receiving data 


The timing of receiving data is similar to that of sending data. It starts with Start Character (S), S is 
located on LaneO or Lane4, and ends with T, which is located on any Lane. Please refer to IEEE 802.3-2012 
specification (section 46.3.2) for details. 
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2. Functional description 


miek | r9 | 

xgmi pe OxFF X 0x01 Y 0x00 XX 0x00 X oxFO \_OxFF 
xgmii xd<7:0> ys GJ OE i) yop yp OE 
amil nå<158> | X DX DX DX) XD YD IG 
mimo — T AD XD XD X\ XD X 5 XT 
xgmi_1xd<31:24> E 05200 GE OE å VED ER ee O 
xXgmi rxd<39:32> [XD ip In A XD (7 G 
xmi ms<4740» "Y X Dp X D X D Xj X D ICE 
gmii_rxd<55:48> I Do XD D XÍ D | | 
RR [Eme A Di BE GEER GA 


Figure 8 Example of user receiving normal data timing 


Figure 9 is a timing diagram of receiving error data. The error code E can be located on any Lane. In 
the example, E is located on Lane 1. 


miner | | E LI 

xgmi rx OxFF X 0x01 X 0x0 XY X 0x02Y OxF0Y OxFF 
xgmil red<7:0> | S D DOS D D | 
xgmii rxd<15:8> | X Dp X D XD a LEX DX 
xgmii rxd<23:16> MR nb DAS DADAS 
xgmi_nxd<31:24> [ XD X¥ DX bX) XD XDI 
xgmi_md<39:32> rm X¥ DX DY} XD IT I 
xmi wasara * 1 X Dp X_ D D X\ X Dp IT I 
xgmil_rxd<55:48> [XD XD XD XP ICE IT IGG 
xamil må<63:56> | X Ds ¥ bX bp GY pb XI 


Figure 9 Example of user receiving error code sequence 
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2. Functional description 


2.5.3 Register Management Interface 


APB operation timing includes read operation timing and write operation timing, as follows: 
(1) APB read timing 


When performing a read operation through APB, first pull up p_cfg_sel to select the APB interface, 
and at the same time pull up p_cfg_enable and pull down p_cfg_write, enter the effective address 
p_cfg_addr to request to read data, after 3 Cycles, p_cfg_ready is pulled high, valid data is read, and then 
When p_cfg_enbale is pulled low, a read operation is completed. 


free_clk 


p_cfg_sel 


p_cfg_enable 


p_cfg_write 


p_cfg_addr A addr1 


p_cfg_ready 


X data1 


p_cfg_rdata 
Figure 10 APB basic read timing 
(2) APB write timing 


When reading through APB, first pull up p_cfg_sel to select the APB interface, pull up p_cfg_enable 
and pull up p_cfg_write at the same time, input the effective address p_cfg_addr to request to write data, 
after 1 Cycle, p_cfg_ready pulls up, valid data is written, and then When p_cfg_enbale is pulled low, a 
write operation is completed. 
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2. Functional description 


free_clk 
T= C a \ 
p cfg sel / \ 
p_cfg_write / 
p cfg enable A \ 
\/ \ / 
p_cfg_addr A addr1 A 
/ NY 
p cfg wrdata A data1 A 
p cfg ready J N 
Figure 11 APB Basic Write Timing 
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3. Register description 


3. REGISTER DESCRIPTION 


Access to the internal registers of BaseR core and HSSTHP core can be configured through the APB 
interface. The register address space allocation is shown in the following table: 


Table 6 Register Address Space Allocation Table 


REGISTER STARTING ADDRESS OFFSET ADDRESS ADDRESS OFFSET UNIT 
BaseR core register 0x040000 0x0~0x1b 0x4 
LANEO PCS 0x000000 Ox0~Oxffc Ox4 
LANEO PMA RX 0x001000 Ox0~Oxffc Ox4 
LANEO PMA TX 0x002000 Ox0~Oxffc Ox4 
Reserved 0x003000 Ox0~Oxffc Ox4 
LANE1 PCS 0x004000 Ox0~Oxffc Ox4 
LANE1 PMA RX 0x005000 Ox0~Oxffc Ox4 
LANE1 PMA TX 0x006000 0x0" Oxffc 0x4 
Reserved 0x007000 Ox0~Oxffc Ox4 
SS did LANE2 PCS 0x008000 Ox0~Oxffc Ox4 
eee LANE2 PMA RX 0x009000 Ox0~Oxffc Ox4 
LANE2 PMA TX 0x00a000 Ox0~Oxffc Ox4 
Reserved 0x00b000 Ox0~Oxffc Ox4 
LANE3 PCS 0x00c000 0x0" Oxffc 0x4 
LANE3 PMA RX 0x00d000 Ox0~Oxffc Ox4 
LANE3 PMA TX 0x00e000 Ox0~Oxffc Ox4 
Reserved Ox00f000 Ox0~Oxffc Ox4 
HPLL 0x010000 0x0~0x3ffc 0x4 


HSSTHP core register address and description can be found in "UG050008_Titan2 Series FPGA High- 
Speed Serial Transceiver (HSSTHP) User Guide" and "UG051004 Titan2 HSSTHP IP UserGuide". The 
Base-R core address mapping is shown in the following table: 
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3. Register description 


Table 7 Base-R address mapping 


ADDRESS REGISTER ADDRESS REGISTER 
0x0000 PMA/PMD control 1 0x000e PCS control 2 
0x0001 PMA/PMD status 1 0x000f PCS status 2 
0x0002 PMA/PMD speed ability 0x0010 10G BASE-R status register 1 
0x0003 PMA/PMD devices in package 0x0011 10G BASE-R status register 2 
0x0004 PMA/PMD devices in package 0x0012 10G BASE-R test pattern seeds AO-3 
0x0005 PMA/PMD control 2 0x0013 10G BASE-R test pattern seeds AO-3 
0x0006 PMA/PMD status 2 0x0014 10G BASE-R test pattern seeds AO-3 
0x0007 PMDs transmit disable 0x0015 10G BASE-R test pattern seeds AO-3 
0x0008 PMDs signal receive ok 0x0016 10G BASE-R test pattern seeds BO-3 
0x0009 PCS control 1 0x0017 10G BASE-R test pattern seeds BO-3 
0x000a PCS status 1 0x0018 10G BASE-R test pattern seeds BO-3 
0x000b PCS speed ability 0x0019 10G BASE-R test pattern seeds BO-3 
0x000c PCS devices in package 0x001a 10G BASE-R test pattern control 
0x000d PCS devices in package 0x001b 10G BASE-R test pattern err count 
Table 8 PMA/PMD control 1 register 
BIT FIELD DESCRIPTION DESCRIPTIOM ATTRIBUTES DEFAULTS 
1 = PMA/PMD reset O = Normal operation 
1.0.15 Reset this bit is set to 1, PMA/PMD is reset, and RW 0 
it will automatically return to O after the 
reset is completed. 
1.0.14 Reserved value always O, writes ignored RO 0 
1.0.13 Speed selection (LSB) value always 1, writes ignored RO 1 
1.0.12 Reserved value always 0, writes ignored RO 0 
1.0.11 Low power this bit has no effect. RW 0 
1.0.10:7 Reserved value always 0, writes ignored RO 0000 
1.0.6 Speed selection (MSB) value always 1, writes ignored RO 1 
1.0.5:2 Speed selection value always O, writes ignored RO 0000 
1.0.1 Reserved value always 0, writes ignored RO 0 
1 = Enable PMA local loopback mode O = 
1.0.0 PMA local loopback Disable PMA local loopback mode RW 0 
Near -end PMA loopback 


https: / /innek.ru / 


19/ 32 


10GBase-R Application Guide 


VAN 


3. Register description 


Table 9 PMA/PMD status 1 register 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
1.1.15:8 Reserved Ignore when read RO 00000000 
1.1.7 Fault 1 = Fault condition detected RO 0 
O = Fault condition not detected 
1.1.6:3 Reserved Ignore when read RO 0000 
1.1.2 receive link status value always 1, writes ignored RO 1 
1.1.1 Low-power ability value always 1, writes ignored RO 1 
1.1.0 Reserved Ignore when read RO 0 
Table 10 PMA/PMD speed ability register 
BIT FIELD DESCRIPTION ATTRIBU | DEFAUL 
DESCRIPTION TES TS 
1.4.15:1 Reserved The block always returns O for these bits and ignores RO all 0 
writes. 
1.4.0 10G capable 1 = PMA/PMD is capable of operating at 10Gb /s RO 1 
O = PMA/PMD is not capable of operating at 10Gb /s 
Table 11 PMA/PMD devices in package register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUT | DEFAULTS 
ES 
Vendor-specific device 2 | The block always returns O for these bits 
1.6.15 present and ignores writes. RO 0 
1.6.14 Vendor-specific device 1 The block always returns O for these bits RO 0 
present and ignores writes. 
1.6.13 Clause twenty two extension| The block always returns 1 for these bits RO 1 
present and ignores writes. 
1.6.12:0 Reserved Ignore on read RO all 0 
1.5.15:8 Reserved Ignore on read RO all 0 
1.5.7 Auto-Negotiation present | The block always returns 1 for these bits RO 1 
and ignores writes. 
1.5.6 TC present The block always returns 0 for this bit RO 0 
1.5.5 DTE XS present The block always returns O for this bit RO 0 
1.5.4 PHY XS present The block always returns O for this bit RO 0 
1.5.3 PCS present The block always returns 1 for this bit RO 1 
1.5.2 WIS present The block always returns O for this bit RO 0 
1.5.1 PMD/PMA present The block always returns 1 for this bit RO 1 
1.5.0 Clause twenty two registers | The block always returns O for this bit RO 0 
present 
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3. Register description 


Table 12 PMA/PMD control 2 registers 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIB | DEFAUL 
UTES TS 
1.7.15:4 Reserved The block always returns O for these bits and RO all O 
ignores writes. 
1.7.3:0 | PMA/PMD type selection this returns the value Oxyz, where xyz is set RW 0110 
from the top level core port pma pmd type 
vector. 


Table 13 PMA/PMD status 2 registers 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIB | DEFAUL 
UTES TS 
10 = Device responding at this address 
1.8.15:14 Device present 11 = no device responding at this address RO 10 
01 = no device responding at this address 
00=No device responding at this address 
1 = PMA/PMD has the ability to detect a fault 
1.8.13 Transmit fault ability condition on the transmit path RO 1 
O = PMA/PMD does not have the ability to detect a 
fault condition on the transmit path 
1=PMA/PMD has the ability to detect a fault condition 
. E on the receive path 
1.8.12 receive fault ability O = PMA/PMD does not have the ability to detect a RO 1 
fault condition on the receive path 
1 = Fault condition on transmit path 
1.8.11 Transmit fault O = no fault condition on transmit path RO 0 
1 = Fault condition on receive path 
1.8.10 receive fault O = no fault condition on receive path RO 0 
1 = PMA/PMD has extended abilities listed in register 1.11 
1.8.9 Extended abilities O = PMA/PMD does not have extended abilities RO 1 
PMDs transmit disable | 1= PMDs has the ability to disable the transmit path 
1.8.8 O = PMD does not have the ability to disable the transmit RO 1 
ability path 
1=PMA/PMD is able to perform 10GBASE- SR 
1.8.7 10GBASE-SR ability 0 = PMA/PMD is not able to perform 10GBASE- SR RO 0 
ai. 1=PMA/PMD is able to perform 10GBASE- LR 
1.8.6 10GBASE-LR ability 0= do re perform 10GBASE- LR RO 1 
E 1=PMA/PMD is able to perform 10GBASE- ER 
1.8.5 10GBASE-ER ability 0= re NG perform 10GBASE- ER RO 0 
10GBASE- LX4 1 = PMA/PMD is able to perform 10GBASE- LX4 
1.8.4 ability 0 = PMA/PMD is not able to perform 10GBASE- LX4 RO 0 
1 = PMA/PMD is able to perform 10GBASE- SW 
1.8.3 10GBASE-SW ability 0 = PMA/PMD is not able to perform 10GBASE- SW RO 0 
1 = PMA/PMD is able to perform 10GBASE- LW 
1.8.2 10GBASE-LW ability 0 = PMA/PMD is not able to perform 10GBASE- LW RO 0 
1 = PMA/PMD is able to perform 10GBASE- EW 
1.8.1 10GBASE-EW ability 0 = PMA/PMD is not able to perform 10GBASE- EW RO 0 
1 = PMA has the ability to perform a local loopback 
PMA local eee 
1.8.0 loopbackability O = PMA does not have the ability to perform a local RO 1 
loopback function 
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3. Register description 


Table 14 PMDs transmit disable register 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIBU | DEFAULTS 
TES 
1.9.15:1 Reserved The block always returns O for these bits RO all 0 
and ignores writes. 
1.9.0 Global PMDs transmit disable this bit has no effect. RW 0 


Table 15 PMDs signal receive ok register 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIB | DEFAUL 
UTES TS 
1.10.15:1 Reserved The block always returns O for these bits RO all O 
and ignores writes. 
1.10.0 Global PMDs receive signal detect 1 = signal detected on receive RO 1 
O = signal not detected on receive 


Table 16 Table PCS control 1 register 
bit field description description Attributes| Defaults 


1 =PCS reset 
3.0.15 Reset O = Normal operation RW 0 
When this bit is set to 1, the PCS resets and 
automatically returns to O after the reset is 


complete. 
1 = Enable loopback mode O = Disable 
3.0.14 Loopback loopback mode RW 0 
PCS proximal loopback 
3.0.13 Speed selection value always 1, writes ignored RO 1 
3.0.12 Reserved value always O, writes ignored RO 0 
3.0.11 Low power this bit has no effect. RW 0 
3.0.10:7 Reserved The block always returns O for these bits RO 0000 
and ignores writes. 
3.0.6 Speed selection value always 1, writes ignored RO 1 


5432 

1xxx= Reserved 0 1 1 x = Reserved 
0101= Reserved 

3.0.5:2 Speed selection 0 100 = 100Gb/s RO 0000 
001 1=40Gb/s 
0010=10/1Gb/s 

000 1 = 10PASS-TS/2BASE- TL 
0000=10Gb/s 


3.0.1:0 Reserved value always 0, writes ignored RO 00 
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Table 17 PCS status 1 register 


3. Register description 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIBU | DEFAULTS 
TES 
3.1.15:8 Reserved Ignore when read RO all O 
3.1.7 Fault 1 = Fault condition detected RO 0 
O = no fault condition detected 
3.1.6:3 Reserved Ignore when read RO 0000 
3.1.2 PCS receive link status 1 = PCS receive link up RO 1 
O = PCS receive link down 
3.1.1 Low power value always 1, writes ignored RO 1 
3.1.0 Reserved The block always returns O for these bits and RO 0 
ignores writes. 
Table 18 PCS speed ability register 
BIT FIELD DESCRIPTION ATTRIB | DEFAUL 
DESCRIPTION UTES TS 
3.4.15:1 Reserved The block always returns 0 for these bits and ignores RO all 0 
writes. 
3.4.0 10G capable 1 = PCS is capable of operating at 10Gb /s RO 1 
O = PCS is not capable of operating at 10Gb /s 
Table 19 PCS devices in package register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIB | DEFAUL 
UTES TS 
3.6.15 Vendor-specific device 2 1 = Vendor-specific device 2 present in package RO 0 
present O = Vendor-specific device 2 not present in package 
3.6.14 Vendor-specific device 1 1 = Vendor-specific device 1 present in package RO 0 
present O = Vendor-specific device 1 not present in package 
3.6.13 Clause 22 extension 1 = Clause 22 extension present in package RO 1 
present O = Clause 22 extension not present in package 
3.6.12:0 Reserved Ignore on read RO all O 
3.5.15:8 Reserved Ignore on read RO all O 
3.5.7 Auto-Negotiation present value always 1, writes ignored RW 1 
3.5.6 TC present The block always returns O for this bit RO 0 
3.5.5 DTE XS present The block always returns O for this bit RO 0 
3.5.4 PHY XS present The block always returns O for this bit RO 0 
3.5.3 PCS present The block always returns 1 for this bit RO 1 
3.5.2 WIS present The block always returns O for this bit RO 0 
3.5.1 PMD/PMA present The block always returns 1 for this bit RO 1 
3.5.0 | Clause twenty two registers The block always returns O for this bit RO 0 
present 
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3. Register description 


Table 20 PCS control 2 registers 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIBU | DEFAULTS 
TES 
3.7.15:2 Reserved The block always returns O for these bits and RO all O 
ignores writes. 
3.7.1:0 PCS type selection O O = select 10GBASE-R PCS type RW 00 
Table 21 PCS status 2 registers 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIB | DEFAUL 
UTES TS 
10= Device responding at this address 
3.8.15:14 Device present 1 1 = no device responding at this address RO 10 
O 1 = no device responding at this address 
O O = no device responding at this address 
3.8.13:12 Reserved Ignore when read RO 00 
3.8.11 Transmit fault 1 = Fault condition on transmit path RO 0 
O = no fault condition on transmit path 
3.8.10 receive fault 1 = Fault condition on the receive path RO 0 
O = no fault condition on the receive path 
3.8.9:3 Reserved Ignore when read RO all 0 
3.8.2 10GBASE-W capable 1 = PCS is able to support 10GBASE-W PCS type RO 0 
O = PCS is not able to support 10GBASE-W PCS type 
3.8.1 10GBASE-X capable 1 = PCS is able to support LOGBASE-X PCS type RO 0 
O = PCS is not able to support 10GBASE-X PCS type 
3.8.0 10GBASE-R capable 1 = PCS is able to support 10GBASE-R PCS types RO 1 
O = PCS is not able to support 10GBASE-R PCS types 
Table 22 10G BASE-R status register 1 register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBU | DEFAUL 
TES TS 
3.32.15:13 Reserved Ignore when read RO 000 
3.32.12 BASE-R receive link status 1 = BASE-R PCS receive link up RO 1 
O = BASE-R PCS receive link down 
3.32.11:3 Reserved Ignore when read RO 0 
3.32.2 10GBASE-R PRBS31 The block always returns 1 for these bits and RO 1 
pattern testing ability ignores writes. 
3.32.1 BASE-R PCS high BER The block always returns O for these bits and RO 0 
ignores writes. 
3.32.0 BASE-R PCS block lock 1 = BASE-R PCS locked to received blocks RO 1 
O = BASE-R PCS not locked to received blocks 
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3. Register description 


Table 23 10G BASE-R status register 2 registers 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.33.15 Latched block lock Ignore when read RO 0 
3.33.14 Latched high BER Ignore when read RO 1 

3.33.13:8 BER Ignore when read RO all O 
3.33.7:0 Errored blocks Errored blocks counter RO all 0 
Table 24 10G BASE-R test pattern seeds AO register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.34.15:0 test pattern seeds A O test pattern seeds A bits 0-15 RW 16'h804F 
Table 25 10G BASE-R test pattern seeds A1 register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.35.15:0 test pattern seeds A1 | test pattern seeds A bits 16-31 RW 16'hCAB6 
Table 26 10G BASE-R test pattern seeds A2 register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.36.15:0 test pattern seeds A2 | test pattern seeds A bits 32-47 RW 16'hB44D 
Table 27 10G BASE-R test pattern seeds A3 register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.37.15:10 Reserved value always O, writes ignored RO all O 
3.37.9:0 test pattern seeds A 3 | test pattern seeds A bits 48-57 RW 10'h3C8 
Table 28 10G BASE-R test pattern seeds BO register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.38.15:0 test pattern seeds BO test pattern seeds B bits 0-15 RW 16'h8884 
Table 29 10G BASE-R test pattern seeds B1 register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.39.15:0 test pattern seeds B 1 | test pattern seeds B bits 16-31 RW 16'h85A3 
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3. Register description 


Table 30 10G BASE-R test pattern seeds B2 register 


BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.40.15:0 test pattern seeds B2 | test pattern seeds B bits 32-47 RW 16'h06BB 
Table 31 10G BASE-R test pattern seeds B3 register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.41.15:10 Reserved value always 0, writes ignored RO all O 
3.41.9:0 test pattern seeds B3 | test pattern seeds B bits 48-57 RW 10'h349 
Table 32 10G BASE-R test pattern control register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
3.42.15:6 Reserved value always 0, writes ignored RO all 0 
1 = enable PRBS31 test-pattern 
3.42.5 10GBASE-R PRBS31 mode on the receive path RW 0 
receive test-pattern enable | O = Disable PRBS31 test-pattern 
mode on the receive path 
1 = enable PRBS31 test-pattern 
3.42.4 10GBASE-R PRBS31 mode on the transmit path RW 0 
transmit test-pattern enable | O = Disable PRBS31 test-pattern 
mode on the transmit path 
3.42.3 Transmit test-pattern value always O, writes ignored RW 0 
enable 
3.42.2 receive test-pattern enable | value always O, writes ignored RW 0 
3.42.1 Test-pattern select value always O, writes ignored RW 0 
3.42.0 Data pattern select value always O, writes ignored RW 0 
Table 33 10G BASE-R test pattern err count register 
BIT FIELD DESCRIPTION DESCRIPTION ATTRIBUTES DEFAULTS 
error counter 
3.43.15:0 | Test-pattern error counter| PCS needs to be reset before RO all 0 
reading this register 
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4. Reference design 


4. REFERENCE DESIGN 


4.1 Reference function design 


Figure 12 is a block diagram of the provided reference design, which can realize the sending and 
receiving verification of data, and at the same time read and write access to the register through the serial 
port. The functions of each module are introduced as follows: 


PG2T390H 
XGMII Pgr BaseR eval 1 0 
TX 
pgr BaseR data gen ——> 
TX 
—m— 
BaseR core HSSTHP core 
XGMII Pi 
pgr BaseR data chk e 


pgr uart ctrl 


“top 32bit 


Figure 12 Reference Design Block Diagram 
pgr BaseR data gen module 
The data generation module can generate various data types and data lengths. 
pgr BaseR data chk module 


The data verification module performs verification and error detection on the received data, so as to 
determine whether there is a bit error in the data channel. 


pgr uart ctrl top 32bit module 


The serial port module used during debugging, with a fixed baud rate of 115200 , is used to receive 
UART data and output it in the data format required by the APB protocol. The address of the read and 
write operation is 24bit (the upper 5 bits are 0), and the data is 32bit . 


(1) The register operation is as follows: 


(a) When p cfg addr[18] is 0, operate the register of HSSTHP core 

p cfg addr[17:2] is the register effective address of HSSTHP core, p cfg addr[1:0] is 2'b00; 

p cfg rdata[7:0] and p cfg wdata[7:0] are valid data of HSSTHP core register 

(b) When p cfg addr[18] is 1, operate the register of BaseR core 

p cfg addr[17:2] is the effective address of the register of BaseR core, p cfg addr[1:0] is 2"b00; 
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p_cfg_rdata[15:0] and p_cfg_wdata[15:0] are valid data of BaseR core register 


4. Reference design 


(2) The format of read and write operations through uart is: 


Read: 72 + address (reversed by byte) 

Write: 77 + address (reversed by byte) + data (reversed by byte) 

Serial read and write example: 

Read the value of the Base-R core 0x0009 register and change the value of this register to 16'h6040 
Read: 72240004 

Write: 7724000440600000 


pgr BaseR eval vil 0 module 


10GBase-R reference module, including 10GBase-R core and HSSTHP core. 

The current HSSTHP core IP is version 1.3a, and users can upgrade by themselves in the future. There 
are two points to note: (1) The user needs to modify the register 
PCS COMMA DET MODE="PCS BIT SLIP RISE” when regenerating the IP or upgrading (2) If the user 
needs to modify the position of the HSSTHP lane & external HSSTHP reference clock input, can be 
modified directly in the constraint file, not affected by the IPC interface. The specific HSSTHP core IP 
configuration interface is shown in the appendix screenshot. 


4.2 Reference Design Interface List 


Table 34 Reference Design Interface List 


SIGNAL NAME INPUT / BIT WIDTH DESCRIBE 
OUTPUT 
GLOBAL SIGNAL 
i free clk enter 1 External clock input, frequency range 10*100MHz 
ext rst n enter 1 System reset interface, low level reset 
HSSTHP TERMINAL SIGNAL 
i p refckn O enter 1 HSSTHP differential reference clock negative 
terminal, 156.25 MHz 
ip refckp O enter 1 HSSTHP differential reference clock positive 
terminal, 156.25 MHz 
i p lOrxn enter 1 HSSTHP differential data input negative terminal 
i p IOrxp enter 1 HSSTHP differential data input positive terminal 
o p IOtxn output 1 HSSTHP differential data output negative terminal 
o p IOtxp output 1 HSSTHP differential data output positive terminal 
STATUS SIGNAL 
o p Ix cdr align O | output 1 HSSTHP CDR lock flag, active high 
o p rx sigdet sta O | output 1 HSSTHP signal detect , active high 
crc ok output 1 Whether the received data packet verification is 
correct 
SFP TX DISABLE output 1 Optical module enable signal 
SERIAL SIGNAL 
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4. Reference design 


txd output 1 


Serial sending 


rxd enter 1 


Serial port receiving 


4.3 Reference Design File Directory 


pgr BaseR_demo_topRit hl BRAM: 


docs // FATS 
bench [WAAR 
sg v //f Étestbench 
gr BaseR core vl 0 vl vpAll. vp VOS BEBE ETE 
ipcore //ipB& 
fifo 512x44 //fifo ip 
FIFO CORE //fifo ip 
HSSTHP CORE 64B66B 1 3a //hssthp ip 
nr // TA 
gr BaseR demo top. sbit IMITAR 
pgr BaseR eval constraint. fdc ERICA 
top debug. fic EAA 
project. pds // THEM 
sim AASER 
BaseR top filelist.f / 5 Å XD 
BaseR top sim. do / 5 AA 
source [EXE AR 
crc32 64bit.v // UB ere 
pgr BaseR core vl O vil vpAll. vp 11 I 8 PIE ED 
gr BaseR data chk.v // ROLE 
pgr BaseR data gen. v // BEE RRR 
gr BaseR demo top.v /1B4441 NE 
gr BaseR eval 1 0. v AARLE 
gr reg union vl 0. v // ARB RR 
gr rst debounce_v1_0.v IDR 
gr rst syn vl 0. v // Bi fir el eR 


Figure 13 File directory 
4.4 Reference Design Simulation 


The simulation platform adopts modelsim10.2c, and the user needs to modify the simulation 
path according to the software version before use, specifically lines 4~9 and lines 11~17 of the 


BaseR_top_sim.do file in the simulation script directory. 


The simulation results are shown in the figure below: 


Figure 14 Simulate Timing Waveforms 
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5. Contacts 


4.5 Reference Design Board Verification 


The upper board verification adopts the docking test between the P05V330KF01 AO board and the 
third-party test board. The serial data transmission and reception of the two boards are realized through 


the optical fiber. The signal generator is used to provide the reference clock for the two test boards, and 
the register is read through the serial port. 


>] PC < 
P05V330KF01 A0 board JTAG JTAG 3rd Party Test Board 
le serial port 
optical fiber 
PG2T390H- A N 3rd party 
6FFBG900 SN SEP chip 


12V ——— Power supply ——> 12V 


refelk reftik 
156.25MHz signal generator 156.25MHz 


Figure 15 Hardware board block diagram 


Figure 16 Board Timing Waveform 


The user can observe whether there is a bit error in the receiving channel by receiving the status 


signals crc ok, crc err, err cnt and reving cnt, so as to judge whether the receiving channel is working 
normally. 


5. CONTACTS 


KOHTaKTbI NA TEXHUYECKUX N KOMMEPYECKUX BONPOCOB 
OOO «VhHak» 
r. CaHkT-Nerep6ypr, yn. Abnoukosa, a. 20, nutep A, od. 504 


contact@innek.ru 
+7 (812) 200-40-37 
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APPENDIX 


The HSSTHP configuration interface is shown in Figure 17-20 below: 


HSST 1.32 Ttitan2-PG2T390H-FFBG900--6 


Appendix 


[Protocol and Rate FOR and CTC Misc 
Channel 0 Channel 1 Channel 3 
Channel ENABLE 
Fullduplex w | DISABLE w DISABLE V DISABLE v 
r Protocol and Line Rate 
Protocol CUSTOMERIZEDx1 v v v v 
Setting 
TX Line Rate(0.6+13.125) (Gbps) 10.312500000 = 0 > 
RX Line Rate(0.6-13.125) (Gbps) 10.312500000 = üi 000 > 
-PCS Encoder/Decoder, Fabric Interface Data Width and Clock Frequence 
TX Encoder 64B66B_transparent v v v Y 
TX Fabric Data Width (Bits) 64 v v v v 
TX Internal Data Width (Bits) 32 v v v v 
TX Fabric Clock Frequence 161.1328125000 MHz 
RX Decoder 64B66B_transparent v v v v 
RX Fabric Data Width (Bits) 64 v v v v 
RX Internal Data Width(Bits) 32 v Y v v 
RX Fabric Clock Frequence 161.1328125000 MHz 
m TX/RX Channnel PLL Selection - > 
TX Channel PLL source from HPLL v v v v 
RX Channel PLL source from HPLL v v v v 
(PLL Configuration 
HSSTHP Location Select HSSTHP_664_1530 » | | Resistor Calibration Logic in core 
HPLL Reference Clock source from Diff REFCKO v 
HPLL Reference Clock frequence (MHz) 156.2500000000 v 
Figure 17 HSSTHP ipc interface 1 
HSST 1.34 Titan2-PG2T390H-FFBG900--6 
Protocol and Rate Misc 
Channel 0 Channel 1 Channel 2 Channel 3 
-Word Alignment 
Word Align Mode v v v v 
COMMA code-group select v v v v 
COMMA+ code-group (10bits) 0 0 0 0 
COMMA MASK (bin) 0 0 0 o 
r Channel Bonding 
Channel Bonding Mode y v v v 
Channel Bonding Special Code Mode v v v v 
Channel Bonding Special Code0 (bin) V ` v 
Channel Bonding Special Codel (bin) v v v v 
Channel Bonding Range (UI) Y v ` v 
y Clock Tolerance Compensation 
CTC Mode v v v v 
SKIP Bytef0(9bits) 0 0 o o 
SKIP Byte#1(9bits) 0 0 0 o 
SKIP Bytef2 (9bits) 0 o 0 o 
SKIP Bytef3 (9bits) 0 o 0 0 
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Figure 18 HSSTHP ipc interface 2 
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HSST 


1.3a 


Titan2-PG2T390H-FFBG900--6 


Protocol and Rate Alignment and CTC 


Channel 0 


Channel 1 Channel 2 


Appendix 


Channel 3 


m Reset Sequence Config 


M Reset Sequence 


Free Clock frequence (10-100 MHz) 


RXPCS Align Timer (0-65535 cycles) 


50.0000 


65535 


65535 65535 


~ 65535 ~ 


r Channel Insertion Loss 


TX Pre-Cursor Emphasis Enable | | TXO_Pre-Cursor Enable TX1 Pre-Cursor Enable TX2 Pre-Cursor Enable TX3 Pre-Cursor Enable 
TX Pre-Cursor Emphasis Static Setting 005 vo v | |0dB v ||0d v 
TX Post-Cursor Emphasis Enable [ | Tx0_Post-Cursor Enable TX1 Post-Cursor Enable TX2 Post-Cursor Enable TX3 Post-Cursor Enable 
TX Post-Cursor Emphasis Static Setting 005 v B v B v B v 
TX FFE Dynamic Control [ | TXO FFE Dynamic Control TX1 FFE Dynamic Control TX2 FFE Dynamic Control TX3 FFE Dynamic Control 
TX Config Postl dB v | |0de v B v B v 
TX Config Post2 B v | | OdB v dB v v 
m PMA Receiver Front End Config 
Rx Termination Mode external AC, internal DC v r ir al v C, ir DC v ac, à 1D v 
— PMA Receiver Equalization Config 
Rx Equalization Mode LEQ v | | LEQ v | | LEQ v | | LE v 
M APB Bus Enable 
M| Show HSSTHP Optional Pins 
m HSSTHP Optional Pins 
PLL Reference Clock Output: 
M| P REFCK2CORE O [ | P REFCK2CORE 1 
TX Freq“2 Input: 
|_| T7x0 CLK2 FR CORE TX1 CLK2 FR CORE TX2 CLK2 FR CORE TX3 CLK2 FR CORE 
Figure 19 HSSTHP ipc interface 3 


RX External PLL Ready Input: 
| | RXO External PLL Ready RX1 External PLL Ready RX2 External PLL Ready RX3 External PLL Ready 
RXPMA Hi-z Control: 
| | RXO Hi-z Control RX1 Hi-z Control RX2 Hi-z Control RX3 Hi-z Control 
RXPMA OOB Status: 
| RXO OOB Status RX1 OOB Status RX2 OOB Status RX3 OOB Status 
Receiver Detection: 
[ | RKO Detection RX1 Detection RX2 Detection RX3 Detection 
RXPMA CLK Slip: 
[ | RXO CLK Slip RX1 CLK Slip RX2 CLK Slip RX3 CLK Slip 
RX Polarity Invert: 
| | RXO Polarity Invert RX1 Polarity Invert RX2 Polarity Invert RX3 Polarity Invert 
Debug Bus: 
M| CHO Debug Bus CH1 Debug Bus CH2 Debug Bus CH3 Debug Bus 
| M show Reset Sequence Optional Pins 
r Reset Sequence Optional Pins 
HPLL Optional Pins: 
HPLL Reset 
N| HELL WatchDag Clear 
HPLL Status 
LPLL Optional Pins: LPLLO Reset LPLL1 Reset LPLL2 Reset LPLL3 Reset 
LPLLO WatchDag Clear LPLL1 WatchDag Clear LPLL2 WatchDag Clear LPLL3 WatchDag Clear 
LPLLO Status IPLLÍ Status LPLL2 Status LPLL3 Status 
| TX Optional Pins: 
|_| TXO Reset TX1 Reset TX2 Reset TX3 Reset 
[| TXO Rate Change Select TX1 Rate Change Select TX2 Rate Change Select TX3 Rate Change Select 
RX Optional Pins: 
[ | RXO Reset RX1 Reset RX2 Reset RX3 Reset 
[ | RKO Rate Change Select RX1 Rate Change Select RX2 Rate Change Select RX3 Rate Change Select 
M| RXO Debug Bus RX1 Debug Bus RX2 Debug Bus RX3 Debug Bus 
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Figure 20 HSSTHP ipc interface 4 
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